Introduction {#section5-2042018820924543}
============

Transgender, including gender diverse and non-binary, individuals who seek feminisation of physical characteristics (hereafter termed transfeminine individuals) are typically treated with estradiol with or without anti-androgen to increase serum estradiol concentration and decrease serum testosterone concentration into the respective female reference ranges. This results in development of feminine physical characteristics, including softening of skin, a decrease in facial and body hair growth, breast development, and changes in body composition manifested by body fat redistribution and decreased muscle mass.^[@bibr1-2042018820924543],[@bibr2-2042018820924543]^

Estradiol is most commonly administered *via* the oral or transdermal route,^[@bibr3-2042018820924543]^ and oral estradiol valerate is the most common first-line feminising treatment in clinicians experienced in transgender healthcare in Australia.^[@bibr4-2042018820924543]^ Several consensus guidelines give recommendations for estradiol concentrations to allow titration of estradiol therapy.^[@bibr1-2042018820924543],[@bibr5-2042018820924543]^ The Australian 'Position statement on the hormonal management of adult transgender and gender diverse individuals' recommends targeting estradiol concentrations of 250--600 pmol/l (68--163 pg/ml) (GRADE 2D recommendation) based on local cross-sectional data.^[@bibr5-2042018820924543]^ Notably, given the lack of data, this is an approximate guide and the position statement states that the value of biochemical testing in addition to clinical assessment is unclear. It is also unclear if body mass index (BMI) should be a consideration during estradiol prescribing.

As such, the aim of this retrospective study in adult transfeminine individuals on established estradiol therapy was to assess, firstly, the correlation between BMI and serum estradiol concentration, and secondly the relationship between estradiol dose and serum estradiol concentration. In order to assess implementation of current guidelines in clinical practice, we also aimed to assess the proportion of individuals achieving estradiol concentrations within the range now recommended by consensus guidelines.

Methods {#section6-2042018820924543}
=======

A retrospective cross-sectional analysis was undertaken of consultations for gender-affirming hormone therapy (GAHT) at Equinox Gender Diverse Clinic, a primary care clinic specialising in transgender health, and an Endocrine Specialist Centre, a secondary care clinic, in Melbourne, Australia. Data were obtained from consultations between 1 January 2011 and 21 October 2019. The audit was approved by the Austin Health Human Research Ethics Committee (LNR/17/Austin/102) and Thorne Harbour Health (THH/CREP 19/015), who waived the need for informed consent.

Transfeminine individuals treated with oral estradiol for at least 6 months who had estradiol dose and estradiol concentration documented in their medical records were included in this retrospective cross-sectional analysis. For individuals with multiple estradiol concentrations available, the most recent prior to sex reassignment surgery was included. The primary outcome of interest was to establish the correlation between BMI and estradiol concentration, and estradiol dose and estradiol concentration. We also aimed to establish the proportion of individuals achieving estradiol concentrations in consensus guidelines.

As data were obtained retrospectively, sex steroid concentrations were performed using immunoassay available at several laboratories used as standard care in clinical practice. Multiple National Association of Testing Authorities (NATA, the national accreditation body for Australia) accredited laboratories were used. Time of blood sampling with respect to estradiol dosing was not systematically recorded in clinical notes and was therefore unavailable for analysis in this study.

Statistical analyses were performed using SPSS (Statistical Package for the Social Sciences, Chicago, IL, USA). As data were not normally distributed, values are reported as median \[interquartile range (IQR)\]. Differences between groups were tested using the Mann--Whitney *U* test or Kruskal--Wallis test followed by Dunn's *post hoc* comparisons. Spearman's rank correlation coefficient was used to assess the correlation between variables. For all analyses, the level of significance was set at *p* \< 0.05.

Results {#section7-2042018820924543}
=======

A total of 390 transfeminine individuals were included in our analysis. After excluding individuals treated with concurrent transdermal estradiol (*n* = 34), ethinyl estradiol (*n* = 12), estradiol implant (*n* = 4), anti-androgen monotherapy (*n* = 3) or gonadotropin-releasing hormone (GnRH) subcutaneous implant (*n* = 3), 334 individuals treated with oral estradiol valerate were left for analysis. Of these, 259 were treated with oral estradiol valerate for at least 6 months and had estradiol concentration available prior to sex reassignment surgery.

In all, 73 individuals were treated with oral estradiol valerate without anti-androgen, 95 with spironolactone, 87 with cyproterone acetate, 2 with both cyproterone acetate and spironolactone, and 2 with bicalutamide. Concurrent progesterone was prescribed in 80 individuals, and concurrent finasteride in 12 individuals.

Median age of individuals was 25.8 (21.9, 33.5) years and duration of estradiol therapy was 24 (15, 33) months. Median BMI was 24.7 (21.8, 28.6) kg/m^2^. Median estradiol concentration achieved was 328 (238, 434) pmol/l \[89 (65, 118) pg/ml\] on 6 (4, 8) mg estradiol valerate.

There was no difference in the estradiol concentrations achieved between those treated with estradiol without anti-androgen, estradiol with spironolactone, or estradiol with cyproterone acetate (*p* = 0.264) ([Table 1](#table1-2042018820924543){ref-type="table"}). There was no difference in the estradiol concentrations achieved between groups at each estradiol valerate dose (data not shown). There was no difference in the estradiol concentrations achieved between those treated with \[331 (259, 453) pmol/l\] or without \[325 (238, 423) pmol/l\] concurrent progesterone therapy (*p* = 0.354).

###### 

Characteristics by treatment group.

![](10.1177_2042018820924543-table1)

                                     Estradiol without anti-androgen (*n* = 73)   Estradiol with spironolactone (*n* = 95)   Estradiol with cyproterone acetate (*n* = 87)   *p* value
  ---------------------------------- -------------------------------------------- ------------------------------------------ ----------------------------------------------- -----------
  Age (years)                        27.9 (22.8, 38.6)                            25.4 (20.9, 30.2)                          25.4 (21.8, 30.2)                               0.058
  Duration of GAHT (months)          18.1 (12.9, 29.7)                            24.4 (15.0, 32.4)                          24.3 (15.5, 38.3)                               0.130
  Estradiol valerate dose (mg)       6 (4, 6)                                     6 (6, 8)                                   6 (4, 8)                                        0.015
  Estradiol concentration (pmol/l)   332 (225, 416)                               355 (271, 456)                             304 (230, 417)                                  0.264
  BMI (kg/m^2^)                      25.3 (22.7, 28.7)                            24.3 (21.6, 28.2)                          24.7 (20.7, 28.9)                               0.353

There was a weak positive correlation between estradiol dose and estradiol concentration (*r* = 0.156, *p* = 0.012) ([Figure 1](#fig1-2042018820924543){ref-type="fig"}). There was no correlation between BMI and estradiol concentration achieved (*r* = --0.063, *p* = 0.413) ([Figure 2](#fig2-2042018820924543){ref-type="fig"}) or BMI and estradiol dose (*r* = 0.048, *p* = 0.536).

![Correlation between estradiol valerate dose and estradiol concentration.\
BMI, body mass index.](10.1177_2042018820924543-fig1){#fig1-2042018820924543}

![Lack of correlation between BMI and estradiol concentration.\
BMI, body mass index.](10.1177_2042018820924543-fig2){#fig2-2042018820924543}

[Table 2](#table2-2042018820924543){ref-type="table"} demonstrates the estradiol concentrations achieved and the proportion of individuals achieving recommended estradiol concentrations in consensus guidelines for each estradiol valerate dose. A total of 172 (66%) individuals had estradiol concentrations within the target range of 250--600 pmol/l^[@bibr5-2042018820924543]^; 70 (27%) individuals had estradiol concentrations below target, and 17 (7%) above target. However, if using the Endocrine Society Clinical Practice Guidelines target of 367--734 pmol/l (100--200 pg/ml),^[@bibr1-2042018820924543]^ 95 (35%) individuals reached target concentrations with 158 (61%) below target and 6 (2%) above target.

###### 

Estradiol concentration by oral estradiol valerate dose.

![](10.1177_2042018820924543-table2)

  Estradiol valerate dose (mg)   Number of individuals   Estradiol concentration (pmol/l)   Number of individuals reaching target in Australian guidelines   Number of individuals reaching target in Endocrine Society guidelines
  ------------------------------ ----------------------- ---------------------------------- ---------------------------------------------------------------- -----------------------------------------------------------------------
  1                              2                       246 (196, 297)                     1 (50%)                                                          0 (0%)
  2                              9                       217 (207, 248)                     2 (22%)                                                          1 (11%)
  3                              4                       226 (141, 390)                     1 (25%)                                                          1 (25%)
  4                              63                      293 (207, 381)                     39 (62%)                                                         20 (32%)
  6                              111                     362 (299, 470)                     83 (75%)                                                         51 (46%)
  8                              67                      319 (249, 423)                     45 (67%)                                                         25 (37%)
  10                             3                       406 (263, 613)                     1 (33%)                                                          2 (66%)

Median (IQR) are presented.

IQR, interquartile range.

Discussion {#section8-2042018820924543}
==========

In this retrospective cross-sectional analysis of transfeminine individuals treated with oral estradiol valerate, there was no correlation between BMI and estradiol concentration. There was a weak positive correlation between estradiol valerate dose and estradiol concentration with significant interindividual variability. In all, 66% of individuals achieved estradiol concentrations within Australian consensus guideline recommendations of 250--600 pmol/l, with small numbers achieving supraphysiological concentrations.

Association between BMI and estradiol concentration {#section9-2042018820924543}
---------------------------------------------------

Observational studies have demonstrated discrepant results with respect to the impact of BMI on estradiol concentration in women treated with menopausal hormone therapy. BMI was found to be positively associated with estradiol concentration in a nested case-control study evaluating the influence of sex steroids on breast cancer risk,^[@bibr6-2042018820924543]^ whereas increasing BMI was associated with a lower odds of achieving an estradiol concentration greater than 165 pmol/l in a cross-sectional analysis of 309 post-menopausal women.^[@bibr7-2042018820924543]^ Other studies have found no association.^[@bibr8-2042018820924543],[@bibr9-2042018820924543]^

In a previous retrospective analysis of 184 transfeminine individuals, BMI was positively associated with estradiol concentration, but the variance attributable to BMI was small.^[@bibr10-2042018820924543]^ BMI did not influence estradiol dose.^[@bibr10-2042018820924543]^ In another retrospective cohort of 84 individuals, there was no statistically significant correlation between BMI and the estradiol concentration achieved though there was a trend toward a positive correlation.^[@bibr11-2042018820924543]^ However, of the individuals who achieved estradiol concentration within the target range, there was a significant negative correlation between estradiol dose and BMI.^[@bibr11-2042018820924543]^ The median BMI reported in both studies was significantly higher than our cohort, which could contribute to the discrepancy between previous studies and the current findings.

Association between estradiol dose and estradiol concentration {#section10-2042018820924543}
--------------------------------------------------------------

The association between estradiol dose and estradiol concentration in transfeminine individuals was evaluated in two previous retrospective analyses. Both studies reported a positive correlation between estradiol dose and the estradiol concentration achieved.^[@bibr10-2042018820924543],[@bibr11-2042018820924543]^ Spironolactone was reported to reduce the effectiveness of estradiol dosing achieving desired estradiol concentrations.^[@bibr10-2042018820924543]^ However, our study did not find a difference in estradiol concentration achieved between anti-androgen groups, and further prospective studies are required. The weak association between estradiol dose and serum estradiol concentration highlights significant interindividual variability, where different individuals achieve similar serum estradiol concentrations on wide estradiol doses.

Estradiol concentrations and consensus guidelines {#section11-2042018820924543}
-------------------------------------------------

No studies have examined the optimal estradiol concentrations in transfeminine individuals. Based on cross-sectional data,^[@bibr12-2042018820924543]^ Australian consensus guidelines recommend targeting trough estradiol concentrations of 250--600 pmol/l,^[@bibr5-2042018820924543]^ whereas the Endocrine Society Clinical Practice Guidelines recommend a target range of 367--734 pmol/l based on the physiological range of pre-menopausal women.^[@bibr1-2042018820924543]^ The estradiol assay used and timing of blood testing in relation to the estradiol dose are other important considerations when interpreting the estradiol concentration.

Estradiol concentrations are best measured *via* liquid chromatography--mass spectrometry (LC-MS) given that immunoassays lack selectivity and precision, particularly at low estradiol concentrations.^[@bibr13-2042018820924543]^ The clinician must also consider the estradiol concentration in relation to the timing of the estradiol dose, given that peak estradiol concentration is generally 4--5 hours post-dose with an elimination half-life of 14--22 h.^[@bibr14-2042018820924543]^ In one study in which transfeminine individuals were treated with 2 mg oral estradiol valerate, there was a peak median estradiol concentration of 189 (99) pmol/l with 24-h post-dose concentration of 56 (154) pmol/l.^[@bibr15-2042018820924543]^ No large study has evaluated the pharmacokinetic parameters at doses used in feminising hormone therapy regimens.

Various clinical guidelines also give recommendations for estradiol dosing. The Endocrine Society Clinical Practice Guidelines recommend estradiol dosing of 2--6 mg daily,^[@bibr1-2042018820924543]^ whereas the European Network for Investigation of Gender Incongruence (ENIGI) use an oral estradiol valerate dose of 2 mg twice daily.^[@bibr16-2042018820924543]^ Despite a median estradiol valerate dose higher than that used in ENIGI, only one-third of individuals in our cohort achieved estradiol concentrations recommended in international guidelines.

Retrospective analyses have documented the proportion of individuals achieving estradiol concentrations in consensus guidelines; 77/136 (55.7%) achieved an estradiol concentration in the Endocrine Society Clinical Practice Guidelines target range on 4--8 mg/day oral estradiol valerate.^[@bibr10-2042018820924543]^ Only 21/136 (15.4%) achieved target estradiol concentrations on 4 mg/day; 13 individuals (9.6%) did not achieve target estradiol concentration at 8 mg oral estradiol valerate. Similarly, 35 (41%) individuals were able to achieve estradiol concentrations within the Endocrine Society Clinical Practice Guidelines in a separate analysis.^[@bibr11-2042018820924543]^ The estradiol valerate doses that achieved target estradiol concentrations were not reported, but the entire cohort had a dose range 1--10 mg/day.

Clinical implications {#section12-2042018820924543}
---------------------

The value of biochemical monitoring is currently unclear, and no prospective study has been designed to compare the effectiveness of different routes of estradiol administration or varying estradiol concentrations. Prospective studies from the ENIGI cohort have reported that estradiol concentration did not predict breast development or more feminine changes in body composition in transfeminine individuals.^[@bibr2-2042018820924543],[@bibr17-2042018820924543]^ However, higher estradiol concentrations have been associated with a higher lumbar spine bone mineral density.^[@bibr18-2042018820924543]^ Ultimately, the best assessment of hormonal efficacy is the clinical response.^[@bibr19-2042018820924543]^

Ensuring adequate feminisation also needs to be weighed against the potential risks of escalating estradiol doses. There is evidence in post-menopausal women that higher oral estradiol doses are associated with an increased prevalence of venous thromboembolic (VTE) events.^[@bibr20-2042018820924543]^ However, recent evidence in transfeminine individuals has demonstrated a low incidence of VTE.^[@bibr21-2042018820924543]^

No prospective studies have assessed the effectiveness of different estradiol concentration targets on clinical features of feminisation or potential adverse events. Until further data are available, current guidelines provide clinicians with target ranges that allow suppression of testosterone while avoiding supraphysiological estradiol concentrations. Further research is required.

Limitations {#section13-2042018820924543}
-----------

This study has several limitations. The most critical of which is the lack of patient-reported outcomes or objective measures of feminisation such as breast development. Although most clinicians monitor trough estradiol concentrations, the concentrations reported represent a single time point as part of routine clinical care so are not strictly collected in a standardized manner, and we do not have data on compliance with therapy. We cannot be certain that an individual would have achieved stable dosing by 6 months but the clinical practice of clinicians at these clinics is to up-titrate over a period of approximately 3--6 months so the 6 month cut-off was an arbitrary timepoint to ensure that the gradual titration often seen at initiation of feminising hormone therapy was not captured. Data on medications that could influence estradiol metabolism such as cytochrome P450 3A4 (CYP3A4) modulators were not collected.^[@bibr22-2042018820924543]^ Given that bloods were taken as standard care, estradiol was measured *via* immunoassay and not liquid chromatography tandem mass spectrometry (LCMS/MS). However, all were performed using NATA-accredited laboratories.

Conclusion {#section14-2042018820924543}
==========

No correlation between BMI and serum estradiol concentration is apparent, and a weak positive correlation between estradiol dose and serum estradiol concentration exists; 66% of transfeminine individuals treated with oral estradiol valerate had a serum estradiol concentration within the target range recommended by the Australian consensus guidelines. Reassuringly, few individuals had supraphysiological estradiol concentrations. Given the limited evidence base, it remains reasonable for clinicians to consider other factors, such as clinical feminisation, patient satisfaction, and potential risks of escalating estradiol dose, in making dosing decisions. Further prospective longitudinal studies comparing various estradiol concentration targets or doses and clinical features of feminisation are required.
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